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ABSTRACT. - The relationship between fish size and otolith size was established for nine species from different geo¬ 
graphical areas, the Mediterranean basin, Kerguelen Islands and the tropical Pacific Ocean. For all species, a significant 
linear relationship was found between fish size and otolith size. However, the ‘lake ecotype’ of the brown trout (Salmo 
trutta fario) from Kerguelen did not show such relationship, contrary to the two other ‘ecotypes’ from rivers and mixed 
biotopes. The reasons for such a pattern remain unknown. For a given species, comparisons of slopes of the relationship 
and Y-coordinate at the origin revealed differences according to studied sites or individual fish size. This suggests an influ¬ 
ence of environmental and/or ontogenetic factors on the parameters of the relationship between fish size and otolith size. 


RESUME. - Relations entre la taille du poisson et celle des otolithes chez neuf especes de teleosteens du bassin mediterra- 
neen, des lies Kerguelen, et de l’ocean Pacifique. 

La relation entre la taille du poisson et celle de l’otolithe a ete etablie pour neuf especes de teleosteens captures dans le 
bassin mediterraneen, aux Ties Kerguelen et dans le Pacifique tropical. Pour toutes les especes etudiees, il existe une rela¬ 
tion lineaire significative entre la taille du poisson et celle de l’otolithe. Toutefois, pour la truite fario (Salmo trutta fario ), 
l’ecotype present dans les lacs des Kerguelen ne montre pas cette relation, a la difference des ecotypes presents dans les 
rivieres et dans les milieux ’mixtes’. Les raisons de cette absence de relation sont inconnues. D’une fafon generale, des 
tests de comparaison de pente et de difference d’ordonnee a l’origine ont revele qu’il existait, pour une espece donnee, des 
differences selon les sites de prelevement et/ou la taille des individus, ce qui suggere un effet des facteurs environnemen- 
taux et ontogenetiques sur les parametres de la relation entre la taille du poisson et celle de l’otolithe. 
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Teleost fish have three pairs of otoliths: sagittae, asteris- 
ci and lapilli. Otoliths are mineral inert components made of 
calcium carbonate (CaCOs), without any dissolution or 
resorption (Campana, 1999). They are located within the 
inner ear where they contribute to several physiological 
processes, such as audition, mecano-reception and equilibra¬ 
tion (Popper and Combs, 1980) which allow fishes to achieve 
a better perception of their own environment. The otoliths 
register life history traits of individuals (age, reproduction, 
migration, etc.) and could be considered as “black-boxes” 
(Lecomte-Finiger, 1999). Otoliths are used in numerous bio¬ 
logical and ecological studies (Campana, 2005) : species 
identification (L’Abee-Lund, 1988), age assessment (Cardi- 
nale et al., 2004), individual growth (Baillon, 1992), stocks 


assessment (Friendland and Reddin, 1994; Tracey et al., 
2006; Gonzalez-Salas and Lenfant, 2007), and determina¬ 
tion of the diet of predatory fishes (Barrett and Furness, 
1990; Martucci et al., 1993; Velando and Freire, 1999; Fur¬ 
ness and Tasker, 2000; Lilliendahl and Solmundsson, 2006). 

During the last 70 years, several studies evidenced that 
otoliths and fish size could be related by two types of rela¬ 
tions: curvilinear (Fry, 1943) and, mainly, linear relation¬ 
ships (Trout, 1954; Templemann and Squires, 1956). The 
present study focus on such relationships for species coming 
from the tropical Pacific Ocean for Cephalopholis argus, Lut- 
janus fulvus and L. kasmira, the temperate Mediterranean 
basin for Mullus barbatus, M. barbatus ponticus, M. surmu- 
letus and So lea solea, and the Kerguelen Islands in the sub- 
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Figure 1. - Linear regression between fish size (TL, mm) and otolith size (Lo, mm) for the studied species from the various sites mentioned 
in table I. A: Mullus barbatus from NW Mediterranean Sea; B: Mullus barbatus from Aegean Sea; C: Mullus barbatusponticus from 
Black Sea; D: Mullus surmuletus from NW Mediterranean Sea; E: Mullus surmuletus from Aegean Sea; F: Solea solea from NW Mediter¬ 
ranean Sea; G: Solea solea from Thau Pond; H: Solea solea from Mauguio pond; I: Kerguelen Islands, lake ecotype of Salmo trutta fario; 
J: Kerguelen Islands, mixed ecotype of Salmo trutta fario; K: Kerguelen Islands, river ecotype of Salmo trutta fario; L: Kerguelen Islands, 
lake ecotype of Salvelinus fontinalis; M: Kerguelen Islands, mixed ecotype of Salvelinus fontinalis; N: Kerguelen Islands, river ecotype of 
Salvelinus fontinalis; O: Medium-sized individual of Lutjanus fulvus from Moorea; P: Large-sized individual of Lutjanus fulvus from 
Moorea; Q: Large-sized individual of Lutjanus fulvus from Hawaii; R: Large-sized individual of Lutjanus fulvus from New-Caledonia; S: 
Lutjanus kasmira from Moorea; T: Lutjanus kasmira from Hawaii; U: Lutjanus kasmira from Fiji; V: Cephalopholis argus from Moorea; 
and W: Cephalopholis argus from Hawaii. 

Antarctic region of the Indian Ocean (Salmo trutta fario and very useful especially for researchers studying the diet of top 
Salvelinus fontinalis). Such kind of information would be predators, such as large fish or seabirds, for which fish oto- 
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liths are important tools in the identification of prey species 
consumed. Their importance increases when the prey is par¬ 
tially or totally digested. 

MATERIALS AND METHODS 
Sampling sites 

Goatfishes ( Mullus barbatus and M. surmuletus, Mulli- 
dae) were caught in several stations in the NW Mediterrane¬ 
an, mostly within the Gulf of Lions (Bautista-Vega, 2008) 
and in the Aegean Sea, around the island of Lesvos (Merigot 
et al., 2006). Samples of Mullus barbatus ponticus were 
caught along the Romanian coasts, Black Sea (Banaru and 
Harmelin-Vivien, 2007). Individuals of Solea solea (Solei- 
dae) came from the Gulf of Lions and from two coastal 
lagoons, Thau and Mauguio, NW Mediterranean (Merigot et 
al., 2007). Samples of the brown trout ( Salmo trutta fario) 
and the brook trout (Salvelinus fontinalis) (Salmonidae) 
were caught in three freshwater biotopes in the Kerguelen 
Islands, southern Indian Ocean (lakes, rivers and ’mixed’ 


biotopes) (Morat et al., 2008). Finally, individuals of Cepha- 
lopholis argus (Serranidae), Lutjanus fulvus and L. kasmira 
(Lutjanidae) were caught in Moorea, French Polynesia and 
in the Hawaiian archipelago. In addition, individuals of 
L. fulvus were also caught in New-Caledonia, whereas those 
of L. kasmira also came from Fiji. 

Morphometry 

Each fish was measured to the nearest mm (TL). Both 
left and right sagittae of all individuals were extracted (total 
of 1378 individuals, i.e., 2756 otoliths), cleaned with dis¬ 
tilled water, and stored dry in tubes. Each sagittae, system¬ 
atically placed with the sulcus acusticus oriented through the 
observer, was examined under a stereomicroscope (Leica 
Wild M8 or Leica MZ16) fitted with a numerical camera 
(Mediacybernetic® evolution LS color) linked to a compu¬ 
ter. Numerical images were then acquired using the software 
Visilog 6.1 which allowed the measuring of the otolith length 
(Lo) to the nearest 0.1 mm. The most contrasted possible 
image obtained with the help of an episcopic light through 
optical fibres which enable us to optimise the direction and 


Table I. - Relationships between total length (TL, mm) and otolith size (Lo, mm) for the studied species from the various sites, and for (A) 
all sizes pooled together, or for medium- (M) or large-sized (L) individuals. N = number of fish. Statistical significance : *** = p < 0.0001, 
** = p < 0.001, * = p < 0.05, ns = non significant. [Regression lineaire entre les longueurs totales (TL, en mm) et la taille des otolithes (Lo) 
des especes etudiees dans les differents sites, et (A) pour I’ensemble des tattles individuelles, ou pour lespoissons de tattles moyenne (M) 
ou grande (L).N = nombre de poissons. Signification statistique : *** = p < 0.0001, ** = p < 0.001, * = p < 0.05, ns = non significatif.] 


Species 

Site 

Size range (mm, TL) 

N 

Relationships 

R 2 

P 

Mullus barbatus barbatus 

NW Mediterranean Sea (A) 

56-235 

235 

TL = 73.20 * Lo-44.48 

0.862 

*** 

Aegean sea (A) 

120-195 

55 

TL = 74.11 *Lo-45.88 

0.849 

*** 

Mullus barbatus ponticus 

Black Sea (A) 

70-148 

103 

TL = 47.73 * Lo + 6.93 

0.756 

*** 

Mullus surmuletus 

NW Mediterranean Sea (A) 

79-300 

134 

TL = 82.33 *Lo-57.87 

0.870 

*** 

Aegean Sea (A) 

110-205 

41 

TL = 79.30 * Lo-48.25 

0.873 

*** 


NW Mediterranean Sea (A) 

51-360 

161 

TL = 73.40 * Lo - 21.28 

0.971 

** 

Solea solea 

Thau Pond (A) 

145-225 

93 

TL = 45.15 * Lo + 53.17 

0.449 

** 


Mauguio Pond (A) 

55-229 

191 

TL = 73.05 * Lo - 15.92 

0.958 

** 


Lake “Ecotype” (A) 

385-514 

15 

TL = 38.89 *Lo +286.90 

0.178 

ns 

Salmo trutta fario 

Mixed “Ecotype” (A) 

208-432 

27 

TL = 89.58 *Lo-33.64 

0.634 

*** 


River “Ecotype” (A) 

125-305 

22 

TL = 52.63 * Lo+ 14.84 

0.702 

*** 


Lake “Ecotype” (A) 

284-455 

24 

TL= 117.60 *Lo-15.06 

0.540 

*** 

Salvelinus fontinalis 

Mixed “Ecotype” (A) 

194-408 

20 

TL= 116.00 *Lo-26.77 

0.858 

*** 


River “Ecotype” (A) 

146-460 

35 

TL = 77.50 * Lo - 29.08 

0.551 

*** 


Moorea (M) 

91-199 

21 

TL = 29.29 * Lo - 37.22 

0.942 

*** 


Moorea (L) 

200-299 

30 

TL = 23.43 *Lo+ 13.82 

0.809 

*** 

Lutjanus fulvus 

Hawaii (L) 

200-332 

25 

TL = 31.29 * Lo -44.11 

0.898 

*** 


New Caledonia (L) 

212-265 

9 

TL= 19.51 *Lo +55.46 

0.700 

* 


Moorea (A) 

111-282 

60 

TL = 28.29 *Lo-28.87 

0.806 

*** 

Lutjanus kasmira 

Hawaii (A) 

165-267 

30 

TL = 25.41 * Lo + 11.57 

0.750 

*** 


Fiji (A) 

175-210 

10 

TL= 18.92 *Lo +47.39 

0.639 

* 

Cephalopholis argus 

Moorea (A) 

151-329 

21 

TL = 55.48 *Lo-118.00 

0.940 

*** 

Hawaii (A) 

244-474 

16 

TL = 69.37 *Lo- 182.20 

0.792 

*** 
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intensity of light. 

Data analysis 

The relationships between fish length (TL, mm) and oto¬ 
lith length (Lo, mm) for both sagittae for the different spe¬ 
cies and the different sites were calculated through linear 
regressions. For each sagittae (i.e., left and right), we tested 
differences of the slope of these linear regressions with a 
Z-test (Zar, 1999) among different species and among the 
same species at the different sampled sites. We also com¬ 
pared the Y-coordinate at the origin {i.e., the ’b’ of the linear 
regression y = ax + b) with a F-test when linear regression 
slopes were identical (Zar, 1999). No significant difference 
was evidenced between relationships obtained with left and 
right sagittae for all species and sites. Thus, we decided to 
hereafter use the most abundant sagittae as some were bro¬ 
ken during extraction. 

RESULTS AND DISCUSSION 

The different relationships between fish length and oto¬ 
lith length are shown in table I and figure 1. Comparisons of 
slopes of fish length vs. otolith length relationships for Mul- 
lus harhatus harbatus caught in the NW Mediterranean and 
in the Aegean Sea did not displayed any significant differ¬ 
ence, but the slopes of the relationships for both populations 
were statistically different from the slope obtained for the 
subspecies from the Black Sea (M. barbatus ponticus ) 
(F = 23.35; p < 0.001, F = 30.70; p < 0.0001 for the NW 
Mediterranean and the Aegean populations, respectively). 
No significant difference was found for M. surmuletus from 
the two studied sites, i.e., the NW Mediterranean and the 
Aegean Sea. For Solea solea, the size-range of individuals 
sampled was different between sites (Tab. I), and the com¬ 
parison of slopes was thus made only for fish of size 141 < 
TL < 225 mm. It revealed a significant difference between 
the Thau lagoon and the two other sites, i.e., the Mauguio 
lagoon (F = 4.71; p = 0.030) and the NW Mediterranean 
(F = 15.66; p <0.001). 

The comparison of slopes realized for Salvelinus fontina- 
lis from Kerguelen Islands revealed no difference between 
the lake and ’mixed biotopes’ populations, but evidenced a 
significant difference with the river population (F = 8.71 ; 
p = 0.004). For Salmo trutta fario , and due to the non signifi¬ 
cance of the fish length vs. otolith length relationship for the 
lake population, the comparison of slopes was made only 
between the river and ’mixed biotopes’ populations, and a 
significant difference was found (F = 4.97; p = 0.031). 

Samples of Lutjanus fulvus from New Caledonia did not 
displayed any difference of slope of the fish length vs otolith 


length relationship with those of the other sites. Medium¬ 
sized (96-200 mm) and large individuals (> 200 mm) from 
Moorea however had significantly different slopes (F = 4.63; 
p = 0.037). In addition, the slopes of the fish length vs. oto¬ 
lith length relationship of large individuals of this species 
displayed significant differences between sites of Moorea 
and Hawaii (F = 6.45; p = 0.014). Samples of L. kasmira and 
Cephalopholis argus did not shown any significant differ¬ 
ence of slopes of the fish length vs otolith length relation¬ 
ships between sites. 

Irrespective of the geographical area, i.e. sub-Antarctic, 
temperate or tropical, and the fish family, our different results 
evidenced clear linear relationships between fish length and 
the length of its otolith, thus reinforcing this view already 
shown since the 50s’. However, the case of Salmo trutta 
fario from Kerguelen’ lakes is surprising. This non-signifi¬ 
cant relationship could reflect the presence of fish having 
different origins as suggested by Ayllon et al. (2006). In fact, 
S. trutta fario has been introduced in Kerguelen from two 
different lineages (wild Polish and domestic commercial 
European populations) and have widely colonized the hydro- 
graphic systems (Duchene, 1989; Duhamel et al., 2005). Our 
samples could present also a mix of fish from different popu¬ 
lations. But we also highlighted differences of slopes accord¬ 
ing to sites for some species, and in other cases differences 
between Y-coordinate at the origin of the slope, but not for 
the slope itself. This latter case was well illustrated by large 
individuals of Lutjanus kasmira between Moorea and Hawaii 
(F = 6.06; p = 0.017), and between Hawaii and Fiji (F = 8.91; 
p = 0.005). Similar results were found for L. fulvus between 
individuals from New-Caledonia and Hawaii (F = 4.74; 
p = 0.037), for Cephalopholis argus between Hawaii and 
Moorea (F = 13.88; p < 0,001) and for Solea solea between 
individuals from the NW Mediterranean and those of Mau¬ 
guio coastal lagoon (F = 3.64; p = 0.004). Both kinds of 
results suggest possible differences in environmental condi¬ 
tions, and/or variations in the sensibility of fish to these con¬ 
ditions encountered during the fish life history and/or from 
different sites (and of course between different species). 
These can be differences in diet, ontogenetic spatial shift 
within a given habitat, or migration between coastal lagoons 
and open sea or along a depth gradient when fish size 
increases (Merigot et al., 2007; Bautista-Vega, 2008). As 
already stated, such kind of linear relationship would be very 
useful in studying the diet of top predators, such as large fish 
or seabirds, for which fish otoliths are the unique possibility 
to identify the species consumed. Thus, it provides a con¬ 
venient tool to assess the consumed biomass and then allows 
the assessment of the specific impact of these predators on 
prey stock. 
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